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(57) ABSTRACT 

A heat-receiving plate of a pump has a heat-receiving surface 
and a guide. The heat-receiving surface is thermally con 
nected to a heat- generating body. The guide is provided on the 
heat-receiving surface. The guide is opposed to the heat 
generating body. 
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HEAT-RECEIVING APPARATUS AND 
ELECTRONIC EQUIPMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/083,267 ?led Mar. 17, 2005, now US. 
Pat. No. , Which is based upon and claims the bene?t 
of priority from prior Japanese Patent Application No. 2004 
133535, ?led Apr. 28, 2004, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a heat-receiving 
apparatus having a heat-receiving surface Which is thermally 
connected to a heat-generating body such as a CPU, and to an 
electronic equipment having such a heat-receiving apparatus. 
[0004] 2. Description of the Related Art 
[0005] As the processing speed and the number of func 
tions of CPU used in a portable computer are increased, the 
heat generated by the CPU during operation is increased. If 
the temperature of the CPU increases extremely, ef?ciency of 
the CPU operation is reduced. As a result, a problem occurs in 
the CPU, that is, the CPU itself fails. 
[0006] As a measure for cooling a heat-generating body 
such as a CPU, there is knoWn a heat-receiving apparatus such 
as a cold plate having a heat-receiving part Which is thermally 
connected to a heat-generating body. The cold plate receives 
the heat of the heat-generating body. A heat-receiving part has 
a heat receiving surface Which is thermally connected to the 
heat- generating body. The heat-receiving surface is bonded to 
the heat-generating body through a heat-conducting member, 
such as a heat-conducting silver paste or adhesive applied in 
the clearance above the heat-generating body. Such a heat 
receiving apparatus has been disclosed in Jpn. Pat. Appln. 
KOKAI Publication No. 10-303582. 
[0007] Generally, before applying a heat-receiving appara 
tus such as a cold plate to a heat-generating body, a heat 
conducting member is provided in a heat-generating body 
packed on a printed circuit board. HoWever, it is dif?cult for 
a certain heat-generating body to provide a heat-conducting 
member on its surface When packed on a printed circuit board, 
because the surface is obstructed by the surrounding elec 
tronic components. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0008] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to explain the principles of 
the invention. 
[0009] FIG. 1 is a perspective vieW of a portable computer 
according to a ?rst embodiment of the present invention; 
[0010] FIG. 2 is a plan vieW of a cooling apparatus con 
tained in a ?rst housing; 
[0011] FIG. 3 is an exploded perspective vieW of a pump; 
[0012] FIG. 4 is a perspective vieW of a pump housing of a 
Pump; 
[0013] FIG. 5 is sectional vieW of the pump taken along 
lines FS-FS in FIG. 2; 
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[0014] FIG. 6 is a plan vieW ofa housing body; 
[0015] FIG. 7 is a plan vieW of a heat-receiving surface; 
[0016] FIG. 8 is a plan vieW of a heat-receiving surface 
according to a second embodiment of the present invention; 
[0017] FIG. 9 is a plan vieW of a heat-receiving surface 
according to a third embodiment of the present invention; 
[0018] FIG. 10 is a plan vieW of a heat-receiving surface 
according to a fourth embodiment of the present invention; 
[0019] FIG. 11 is a plan vieW of a heat-receiving surface 
according to a ?fth embodiment of the present invention; 
[0020] FIG. 12 is a plan vieW of a heat-receiving surface 
according to a sixth embodiment of the present invention; and 
[0021] FIG. 13 is a plan vieW of a heat-receiving surface 
according to a seventh embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] A ?rst embodiment of the present invention Will be 
explained hereinafter based on the accompanying draWings 
FIG. 1 to FIG. 7. 
[0023] FIG. 1 shoWs a portable computer 10 as an elec 
tronic equipment. The portable computer 10 has a computer 
body 20 and a display unit 30. The computerbody 20 has a ?at 
box-shaped ?rst housing 21. The ?rst housing 21 has an upper 
Wall 21b, a front Wall, both sideWalls, rear Wall and bottom 
Wall 21a. 
[0024] The upper Wall 21b of the ?rst housing 21 supports 
a keyboard 22. As shoWn in FIG. 2, several vents 25 are 
formed in the rear Wall 21e of the ?rst housing 21. As shoWn 
in FIG. 1, the display unit 30 has a second housing 31 and a 
liquid crystal display panel 32. The liquid crystal display 
panel 32 is contained in the second housing 31. The liquid 
crystal display panel 32 has a screen 33 to display an image. 
The screen 33 is exposed outWard the second housing 31 
through an opening 34 formed in the front side of the second 
housing 31. 
[0025] The second housing 31 is supported at the rear end 
of the ?rst housing 21 by a not-shoWn hinge. Thus, the display 
unit is movable betWeen the closed position and opened posi 
tion. At the closed position, the display unit 30 is laid over the 
computer body 20, covering the keyboard 22 from the upper 
direction. At the opened position, the display unit 30 is raised 
against the computer body 20 to expose the keyboard 22 and 
screen 33. 

[0026] As shoWn in FIG. 2, the ?rst housing 21 contains a 
printed circuit board 23. A CPU 24 is packed on the upper 
surface of the printed circuit board 23. The CPU 24 is an 
example of a heat-generating body. The CPU 24 has a base 
plate 24a and an IC chip 24b. 
[0027] The IC chip 24b is located on the upper surface of 
the base plate 24a. The upper surface 26 of the IC chip 24b is 
shaped square, and has four corners 26a-26d. The upper 
surface 26 of the IC chip 24b is an example of a heat-con 
necting surface. The IC chip 24b generates a very large 
amount of heat during operation, as the processing speed is 
increased and the function is multiplied. Thus, the IC chip 24b 
needs to be cooled to maintain stable operation. 
[0028] The computer body 20 contains a liquid-cooled 
cooling apparatus 40 to cool the CPU 24 by using a liquid 
refrigerant such as antifreeZing solution. The liquid refriger 
ant is an example of refrigerant. The cooling apparatus 40 
comprises a heat-radiating part 50, an electric fan 60, a pump 
70, and a circulation route 120. 
[0029] The heat-radiating part 50 is ?xed to the bottom Wall 
2111 of the ?rst housing 21. The heat-radiating part 50 com 
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prises a radiation body 51 and radiation ?ns 52. The radiation 
body 51 is made of a pipe extended along the Width direction 
of the ?rst housing 21 and folded up and doWn. Thus, the 
heat-radiating part 51 has an upper side passage and a loWer 
side passage. The heat-radiation body 51 has a refrigerant 
entrance 53 and a refrigerant exit (not shoWn) in one end side 
of the length direction. The refrigerant entrance 53 is pro 
vided in the upper side passage. The refrigerant exit is pro 
vided in the loWer side passage. The loWer side passage is laid 
under the upper side passage. Liquid refrigerant ?oWs in the 
inside of the radiation body 51. 
[0030] The radiation ?ns 52 are made of metal material 
With excellent thermal conductivity, such as aluminum alloy 
and copper. The radiation ?ns 52 are provided in parallel each 
other along the longitudinal direction betWeen the upper side 
passage and loWer side passage. The radiation ?ns 52 are 
thermally connected to the radiation body 51. 
[0031] The electric fan 60 sends cooling air to the heat 
radiating part 50. The electric fan 60 is located immediately in 
front of the heat-radiating part 50. The electric fan 60 has a fan 
casing 61, and a centrifugal impeller 62 contained in the fan 
casing 61. The fan casing 61 has an exhaust port 6111 to 
exhaust the cooling air. The exhaust port 6111 is connected to 
the heat-radiating part through an air guide duct 63. 
[0032] The impeller 62 is driven by a not-shoWn motor, 
When the portable computer 10 is poWered or the CPU 24 is 
heated to a predetermined temperature. The impeller 62 is 
rotated, and a cooling air is supplied to the heat-radiating part 
50 from the exhaust port 6111 of the fan casing 61. 
[0033] As shoWn in FIG. 3, the pump 70 comprises a pump 
housing 71, an impeller 72, a motor 73, and a control board 
75. The pump 70 is an example of a heat-receiving apparatus. 
But, a heat-receiving apparatus is not limited to a pump. For 
example, a heat sink may be used as a heat-receiving appara 
tus. A heat sink has a function of cooling the CPU 24, for 
example a heat-generating body. A heat sink is not limited to 
using a liquid refrigerator When cooling a heat-generating 
body. 
[0034] The pump housing 71 is an example of housing. As 
shoWn in FIG. 4, the pump housing 71 comprises a housing 
body 76, a top cover 77 and a heat-receiving plate 78. 
[0035] The housing body 76 is shaped as a ?at rectangular 
parallelepiped. The housing body 76 is made of synthetic 
resin. As shoWn in FIG. 5, the housing body 76 has a housing 
part 79 Which penetrates from the upper end surface to the 
loWer end surface. 
[0036] As shoWn in FIG. 6, the housing part 79 is de?ned by 
the inside surfaces of four sideWalls 76a-76d and four sub 
stantially triangular comers 76e-76h of the housing body 76. 
Thus, the housing part 79 is shaped as a ?at octagon. 
[0037] A groove 79b is formed on the upper end surface of 
the housing body 76, that is, on the upper end surface of the 
sideWalls 76a-76d and at the corners 76e-76h.An O-ring 74 is 
?tted in the groove 79b. The upper ends of the sideWalls 
76a-76d and comers 76e-76h de?ne the upper opening 79a of 
the housing part 79. 
[0038] As shoWn in FIG. 5 and FIG. 6, a ?rst through hole 
80 is formed at the corners 76e-76h. The ?rst through hole 80 
penetrates the housing body 76 in the longitudinal direction. 
As shoWn in FIG. 6, a screW receiving part 80b is formed on 
both sides of the ?rst through hole 80 on the upper end surface 
of the housing body 76. A groove 79b is formed on the loWer 
end surface of the housing body 76, surrounding the housing 
part 79. The O-ring 74 is ?tted in the groove 79b. 
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[0039] The heat-receiving plate 78 is large enough to cover 
the Whole loWer end surface of the housing body 76. The 
heat-receiving plate 78 is ?xed to the loWer end surface of the 
housing body 76. The heat-receiving plate 78 has the function 
as a bottom Wall of the housing part 79. As the O-ring 74 is 
provided in the loWer end surface of the housing body 76, the 
heat-receiving plate 78 closes a loWer opening 790 of the 
housing part 79 in a liquid-tight manner. The heat-receiving 
plate 78 is made of metal material With high thermal conduc 
tivity, such as copper. Copper is an example of the material of 
the heat-receiving plate 78. The heat-receiving plate 78 is an 
example of the heat-receiving part. 
[0040] The heat-receiving plate 78 has a second through 
hole 82 at the position corresponding to the ?rst through hole 
80. The second through hole 82 is made smaller than the ?rst 
through hole 80. In the heat-receiving plate 78, the side oppo 
site to the housing body 76 is a heat-receiving surface 83 to 
receive heat from the CPU 24. The heat-receiving surface is 
formed ?at. 

[0041] In the heat-receiving plate 78, the side faced to the 
inside of the housing part 79 is provided With a partition Wall 
member 85 to isolate a plane circular pump chamber 84 from 
the housing part 79. As shoWn in FIG. 6, the partition Wall 
member 88 is shifted to the corner 76g. Thus, the pump 
chamber 84 is shifted to the corner 76g of the housing part 79. 
The position of the partition Wall member 85 is not limited to 
this. 

[0042] The inside of the housing part 79 is divided into the 
pump chamber 84 and reserve tank 86 by the partition Wall 
member 85. The pump chamber 84 is formed inside the par 
tition Wall member 85. The reserve tank 86 is formed outside 
the partition Wall member 85. 
[0043] As shoWn in FIG. 6, the partition Wall member 85 
has a connecting opening 87 connecting the inside of the 
reserve tank 86 to the inside of the pump chamber 84. The 
housing body 76 has an intake pipe 90 and a discharge pipe 
91. The upstream end of the intake pipe 90 is projected out 
Ward from the sideWall 76b of the housing body 76. The 
doWnstream end of the intake pipe 90 is opened to the inside 
of the reserve tank 86, and faced to the connecting opening 
87. 

[0044] A gap 92 is formed betWeen the connecting opening 
87 and the doWnstream end of the intake pipe 90. The gap 92 
has an air-liquid separating function to separate bubbles in the 
liquid refrigerant. Even if the position of the pump 70 is 
changed in any direction, the gap 92 is alWays positioned 
under the liquid surface of the liquid refrigerant stored in the 
reserve tank. 

[0045] The doWnstream end of the discharge pipe 91 is 
projected outWard from the sideWall 76b of the housing body 
76. The upstream end of the discharge pipe 91 is opened to the 
inside of the pump chamber 84, penetrating through the par 
tition Wall member 85. 

[0046] As shoWn in FIG. 4, a top cover 77 is provided above 
the housing body 76, covering the upper opening 79a of the 
housing part 79 of the housing body 76. The cover is made of 
synthetic resin. At a comer of the top cover 77, a hole 77a is 
formed at the position corresponding to the ?rst through hole 
80. When the top cover 77 is laid on the housing body 76, the 
internal circumference surface of the hole 77a is continued to 
the internal circumference surface of the ?rst through hole 80. 
A screW hole 77b is provided on both sides of the hole 77a. 
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The screw hole 77b is connected to the screW receiving part 
80. A female thread, for example, is formed in the screW 
receiving part 80b. 
[0047] The top cover 77 is ?xed to the housing body 76 With 
a screW 94. The screW 94 is inserted into the screW receiving 
part 80b of the housing body 76 through the screW hole 77b of 
the top cover 77. Thus, the top cover 77 is ?xed to the housing 
body 76. 
[0048] The O-ring 74 is provided around the upper opening 
79a of the housing part 79. Thus, the top cover 77 is provided 
on the upper end surface of the housing body 76, and closes 
the upper opening 79a of the housing part 79 in a liquid-tight 
manner. 

[0049] As shoWn in FIG. 3, the impeller 72 is contained in 
the pump chamber 84. The impeller 72 is shaped like a disk, 
and has a rotation shaft 7211 at the center of rotation. The 
rotation shaft 72a is located over the heat-receiving plate 78 
and top cover 77, and supported rotatably by the heat receiv 
ing plate 78 and top cover 77. The heat-receiving plate 78 is 
provided With a support base 72b to support the rotation shaft 
72a. 

[0050] The motor 73 has a rotor 73a and a stator 73b. The 
rotor 73a is shaped like a ring. The rotor 73a is ?xed coaxially 
to the upper surface of the impeller 72, and contained in the 
pump chamber 84. The inside of the rotor 73a is formed With 
a magnet 73c composed of several positive and negative poles 
magnetiZed altemately. The rotor 73a is rotated as one unit 
With the impeller 72. 
[0051] The stator 73b is placed in a recess 770 formed on 
the upper surface of the top cover 77. The recess 770 is sunk 
into the inside of the rotor 73a. Thus, the stator 73b is housed 
coaxially in the inside of the rotor 73a. 
[0052] The control board 75 is supported on the upper 
surface of the top cover 77. The control board 75 is electri 
cally connected to the stator 73b, and controls the motor 73. 
For example, When the portable computer 10 is turned on, the 
stator 73b is energiZed at the same time. When the stator 73b 
is energiZed, a rotating magnetic ?eld is generated in the 
peripheral direction of the stator 73b. The magnetic ?eld is 
magnetically combined With the magnet 73c ?tted in the rotor 
73a. As a result, torque is generated betWeen the stator 73b 
and magnet 730, along the peripheral direction of the rotor 
73a. Thus, the impeller 72 is rotated. 
[0053] A back plate 93 is provided on the upper surface of 
the top cover 77. The back plate 93 covers and hides the stator 
73b and control board 75. The back plate 93 has the function 
to prevent leakage of the liquid refrigerant seeping from the 
pump housing 71. 
[0054] The back plate 93 is ?xed to the pump housing 71 
With the screW 94. If the liquid refrigerant does not seep from 
the top cover 77, the back plate 93 can be omitted. 

[0055] As shoWn in FIG. 2 and FIG. 5, the pump 70 is 
placed on the printed circuit board 23 so that the heat-receiv 
ing surface 83 covers the CPU 24 from the upper direction. In 
this embodiment, the pump 70 is placed on the printed circuit 
board 23 so that the center of the heat-receiving surface 83 is 
placed on the center portion 26e of the upper surface 26 of the 
IC chip 24b. 
[0056] As shoWn in FIG. 7, a guide 130 is provided on the 
heat-receiving surface 83. In the heat-receiving surface 83, 
the guide 130 de?nes an opposite area 131 facing to the upper 
surface 26 of the IC chip 24b. The guide 130 indicates the 
Whole outer edge of the opposite area 131, but not limited to 
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this. For example, the guide 130 may indicate only a part of 
the outer edge of the opposite area 131. 

[0057] As shoWn in FIG. 2, center portion 13111 of the 
opposite area 131 is equal to the center portion of the heat 
receiving surface 83. The center portion 13111 of the opposite 
area 131 and the center portion 26e of the upper surface 26 of 
the IC chip 24b are opposite to each other. The opposite area 
131 is opposite to the position aWay from the rotation shaft 
72a of the impeller 72 in the pump chamber 84. The speed of 
a running ?uid of the liquid refrigerant is fast at the position 
aWay from the rotation shaft 72a of the impeller 72 in the 
pump chamber 84. 

[0058] If the heat-receiving plate 78 is molded by contour 
punching, the guide 130 is formed together. A die used for the 
contour punching is provided With a convex corresponding to 
the outer edge of the opposite area 131. Thus, the convex of 
the die bites the outer edge of the opposite area 131 of the 
heat-receiving surface 83, and forms a groove. This groove 
serves as a guide 130. 

[0059] The method of forming the guide 130 by using a die 
is just an example. The guide forming method is not limited to 
this. The guide 130 may also by draWn in the Whole or a part 
of the outer edge of the opposite area 131, or in the Whole area 
of the opposite area 131 by another printing means. As a 
printing means, there is a plate formed With holes correspond 
ing to the Whole or a part of the outer edge of the opposite area 
131, or the Whole area of the opposite area 131. FIG. 5 and 
FIG. 7 shoW the groove-like guide 130 formed by using a die. 
The guide 130 is not limited to a solid line. It may also be like 
a broken line. 

[0060] As shoWn in FIG. 5, the bottom Wall 2111 of the ?rst 
housing 21 has a boss 95 at the position corresponding to the 
?rst through hole 80 at each comer of the pump housing 71. 
The boss 95 is projected upWard from the bottom Wall 2111. At 
the front end surface of the boss 95, the printed circuit board 
23 is laid on through a reinforcement plate 96. 

[0061] The portable computer 10 has a ?xing mechanism 
100. The ?xing mechanism 100 has the function to ?x the 
pump 70 to the bottom Wall 2111 of the ?rst housing 21. The 
?xing mechanism 100 has a plurality of inserts 101, screWs 
102, coil springs 103 and C-rings 104. 
[0062] The insert 101 is shaped cylindrical to be able to 
insert into the second through hole 82. The insert 101 has an 
extension 10111 at one end. The extension 10111 is extended 
from the outer circumference of the insert 101 toWard the 
outside in the horizontal direction along the peripheral direc 
tion. The extension 10111 is large enough to hang on the 
periphery of the second through hole 82. In the outer circum 
ference of the other end of the insert 101, a groove 105 is 
formed along the circumference. The coil spring 103 is large 
enough to contain the insert 101 inside. 

[0063] The ?xing mechanism 100 ?xes the pump 70 to the 
?rst housing 21 as described beloW. First, the insert 101 is 
inserted into each coil spring 103. Then, the insert 101 is 
inserted into the hole 77a of the top cover 77 from the end 
portion of the groove 105. The insert 101 is pressed in until the 
end portion of the groove 105 penetrates the second through 
hole 82. The coil spring 103 hangs on the periphery of the 
second through hole 82. 
[0064] When the groove 105 penetrates the second through 
hole 82, the C-ring 104 is ?tted in the groove 105. Thus, the 
insert 101 is ?xed to the pump 70 in the state that the extension 
10111 is energiZed by the coil spring 103. 
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[0065] Then, the grease 110 is applied to the inside of the 
opposite area 131 by referring to the guide 130 of the heat 
receiving surface 83. The grease 110 is an example of heat 
conducting member. As another heat-conducting member, 
there is a cool sheet. The grease 110 can be applied by a 
dispenser, or by printing using a plate formed With the holes 
corresponding to the opposite area 131. The grease applying 
method is not limited to these tWo. 
[0066] Then, the front end portion of the groove 105 side of 
each insert 101 is placed on each boss 95. Thus, the pump 70 
is placed on the CPU 24 in the state that the opposite area 131 
and the upper surface 26 of IC chip 24b are faced to each 
other. 
[0067] Then, the screWs 102 are inserted one by one into 
each insert 101. Each screW 102 penetrates the insert 101, and 
is screWed into the boss 95. Thus, the insert 101 is ?xed to the 
printed circuit board 23. The opposite area 131 of the heat 
receiving surface 83 is pressed to the upper surface 26 of the 
IC chip 24b by the elastic force of the coil spring 103. There 
fore, the heat-receiving surface 83 is securely and thermally 
connected to the IC chip 24b through the grease 110. 
[0068] As shoWn in FIG. 2, the circulation route 120 has a 
?rst pipe 121, a second pipe 122, and a pipe constituting the 
radiation body 51 of the heat-radiating part 50. The ?rst pipe 
121 connects the discharge pipe 91 of the pump housing 71 to 
the refrigerant entrance 53 of the heat-radiating part 50. The 
second pipe 122 connects the intake pipe 90 of the pump 
housing 71 to the refrigerant exit of the heat-radiating part 50. 
[0069] Thus, the liquid refrigerant is circulated betWeen the 
pump 70 and heat-radiating part 50 through the ?rst and 
second pipes 121 and 122. The pipe constituting the radiation 
body 51 of the heat-radiating part 50 forms a part of the 
circulation route 120 as Well as constituting the heat-radiating 
part 50. Namely, the circulation route 120 is thermally con 
nected to the heat-radiating part 50. 
[0070] Liquid refrigerant is ?lled in the pump chamber 84 
of the pump 70, reserve tank 86, heat-radiating part 50 and 
circulation route 120. 

[0071] Next, an explanation Will be given of the operation 
of the cooling apparatus 40. 
[0072] The IC chip 24b of the CPU 24 generates heat during 
operation of the portable computer 10. The heat generated by 
the IC chip 24b is transmitted to the heat-receiving surface 83. 
Since the reserve tank 86 and the pump chamber 84 of the 
pump housing 71 are ?lled With liquid refrigerant, the liquid 
refrigerant absorbs much heat transmitted to the heat-receiv 
ing surface 83. 
[0073] The stator 73b of the motor 73 is energiZed imme 
diately When the portable computer 10 is turned on. Thus, 
torque is generated betWeen the stator 73b and the magnet 730 
of the rotor 73a. The rotor 73a is rotated With the impeller 72 
by this torque. When the impeller 72 is rotated, the liquid 
refrigerant in the pump chamber 84 is pressuriZed and dis 
charged from the discharge pipe 91. The liquid refrigerant is 
led to the heat-radiating part 50 through the ?rst pipe 121. In 
the heat-radiating part 50, the heat absorbed by the liquid 
refrigerant is transmitted to the radiation body 51 and radia 
tion ?ns 52. 
[0074] When the impeller 62 of the electric fan 60 is rotated 
during operation of the portable computer 10, a cooling air is 
bloWn toWard the heat-radiating part 50 from the exhaust port 
6111 of the fan casing 61. This cooling air passes through the 
radiation ?ns 52. Thus, the radiation body 51 and radiation 
?ns 52 are cooled. Much of the heat transmitted to the radia 
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tion body 51 and radiation ?ns 52 is conveyed by the How of 
the cooling air and exhausted from the vent 25 to the outside 
of the ?rst housing 21. 
[0075] The liquid refrigerant cooled by the heat-radiating 
part 50 is led to the intake pipe 90 of the pump housing 71 
through the second pipe 122. The liquid refrigerant is 
exhausted from the intake pipe 90 to the inside of the reserve 
tank 86. The liquid refrigerant returned to the reserve tank 86 
absorbs again the heat of the IC chip 24b. 
[0076] As the connecting opening 87 and the doWnstream 
end of the intake pipe 90 are immersed in the liquid refriger 
ant stored in the reserve tank 86, the liquid refrigerant in the 
reserve tank 86 ?oWs into the pump chamber 84 through the 
connecting opening 87. 
[0077] The liquid refrigerant led into the pump chamber 84 
absorbs again the heat of the IC chip 24b, and is sent to the 
heat-radiating part 50 through the discharge pipe 91. As a 
result, the heat generated by the IC chip 24b is sequentially 
transmitted to the heat-radiating part 50 through the circulat 
ing liquid refrigerant, and exhausted from the heat-radiating 
part 50 to the outside of the portable computer 10. 
[0078] In the portable computer 10 constructed as 
explained above, the heat-receiving surface 83 has the guide 
130.As the guide 130 is used as a reference When applying the 
grease 110, the grease 110 can be securely and e?iciently 
applied to betWeen the heat-receiving surface 83 and the 
upper surface 26 of the IC chip 24b. Namely, the IC chip 24b 
is securely and thermally connected to the heat-receiving 
surface 83 . Therefore, unevenness in the cooling performance 
of the cooling apparatus 40 is reduced. 
[0079] Further, as the guide 130 indicates the opposite area 
131, the area to apply the grease 110 is de?ned more clearly. 
[0080] The grease 110 is not applied to the upper surface 26 
of the IC chip 24b of the CPU 24 packed on the printed circuit 
board 23. This eliminates a problem that application of grease 
110 is interrupted by the electronic components packed 
around the CPU 24. Namely, The grease 110 can be e?iciently 
applied to betWeen the heat-receiving surface 83 and the 
upper surface 26 of the IC chip 24b. 
[0081] The opposite area 131 of the heat-receiving surface 
83 is faced to the position in the pump chamber Where the 
speed of a running ?uid of the liquid refrigerant is fast. Thus, 
the IC chip 24b is e?iciently cooled. 
[0082] Next, an explanation Will be given of a guide accord 
ing to a second embodiment of the present invention based on 
FIG. 8. Same reference numerals Will be given to the same 
components as those of the ?rst embodiment, and explanation 
of the same components of the ?rst embodiment Will be 
omitted. 
[0083] In this embodiment, the structure of a guide is dif 
ferent from the ?rst embodiment. Detailed explanation on this 
point Will be given hereinafter. 
[0084] As shoWn in FIG. 8, the guide 130 has markings 132 
opposite to the corners 26a-26d of the upper surface 26 of the 
IC chip 24b. The guide 130 is not provided in the parts other 
than each marking 132. Namely, the guide 130 indicates the 
corners 26a-26d of the opposite area 131 by each marking 
132. In this embodiment, the guide 130 indicates the opposite 
area 131 by displaying the comers 26a-26d. 
[0085] In the second embodiment, the same effect as the 
?rst embodiment can be obtained. The guide 130 formed like 
a groove by using a die is shoWn in FIG. 8, but the guide is not 
limited to this. The guide 130 may be printed as shoWn in the 
?rst embodiment. 
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[0086] Next, an explanation Will be given of a guide accord 
ing to a third embodiment based on FIG. 9. Same reference 
numerals Will be given to the same components as those of the 
?rst embodiment, and explanation of the same components of 
the ?rst embodiment Will be omitted. 
[0087] In this embodiment, the structure of a guide is dif 
ferent from the ?rst embodiment. Detailed explanation on this 
point Will be given hereinafter. 
[0088] As shoWn in FIG. 9, the heat-receiving surface 83 
has a guide 133 instead of the guide 130. The guide 133 is 
provided at the position opposite to the center portion 26e of 
the upper surface 26 of the IC chip 24b. The guide 133 is 
shaped like a cross. The cross shape is an example of the guide 
133. The guide 133 may be shaped like a point, for example. 
[0089] As shoWn in the ?rst embodiment, the guide 133 
may be formed by using a die, or draWn by a printing means. 
FIG. 9 shoWs the guide 133 draWn by a printing means. 

[0090] According to the third embodiment, When applying 
the grease 110 to the heat-receiving surface 83 by a dispenser, 
the dispenser can be easily positioned to the center portion 
13111 of the opposite area 131 by placing the dispenser along 
the guide 133. Namely, the grease 110 can be ef?ciently 
applied betWeen the heat-receiving surface 83 and the upper 
surface 26 of the IC chip 24b. The outer edge of the opposite 
area 131 is indicated by a chain double-dashed line in FIG. 9. 

[0091] Next, an explanation Will be given of a guide accord 
ing to a fourth embodiment of the present invention based on 
FIG. 10. Same reference numerals Will be given to the same 
components as those of the ?rst embodiment, and explanation 
of the same components of the ?rst embodiment Will be 
omitted. 

[0092] In this embodiment, the structure of a guide is dif 
ferent from the ?rst embodiment. Detailed explanation on this 
point Will be given hereinafter. 
[0093] As shoWn in FIG. 10, the heat-receiving surface 83 
has a guide 200 instead of the guide 130. The guide 200 has a 
?rst guide 140 and a second guide 141. The ?rst guide 140 
indicates the Whole outer edge area of the opposite area 131 of 
the heat-receiving surface 83. The ?rst guide 140 may indi 
cates a part of the outer edge of the opposite area 131. The ?rst 
guide 140 is like a solid line, but not limited to this. For 
example, it may be like a broken line. 
[0094] The second guide 141 is located at the centerportion 
13111 of the opposite area 131. Namely, the second guide 141 
is opposite to the center portion 26e of the upper surface 26 of 
the IC chip 24b. The second guide 141 is shaped like a cross. 
The cross shape is an example. For example, it may be a point. 
[0095] The ?rst and second guides 140 and 141 may be 
formed by using a die, as shoWn in the ?rst embodiment. They 
may also be draWn by a printing means. FIG. 10 shoWs the 
grove-like ?rst guide 140 and second guide 141 formed by 
using a die. 

[0096] When applying the grease 110 to the opposite area 
131 of the heat-receiving surface 83, the grease 110 may be 
applied by using a dispenser as shoWn in the ?rst embodi 
ment. The grease 110 may also be applied just like printing by 
a plate formed With the holes corresponding to the opposite 
area 131. 

[0097] According to the fourth embodiment, in addition to 
the same effect as the ?rst embodiment, When the grease 110 
is applied by a dispenser, the dispenser can be easily posi 
tioned to the center portion 13111 of the opposite area 131 by 
placing the dispenser along the second guide 141. Namely, 
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the grease 110 can be e?iciently applied to betWeen the heat 
receiving surface 83 and the upper surface 26 of the IC chip 
24b. 
[0098] Next, an explanation Will be given of a guide accord 
ing to a ?fth embodiment of the present invention based on 
FIG. 11. Same reference numerals Will be given to the same 
components as those of the fourth embodiment, and explana 
tion of the same components of the ?rst embodiment Will be 
omitted. 
[0099] In this embodiment, the structure of a guide is dif 
ferent from the fourth embodiment. Detailed explanation on 
this point Will be given hereinafter. 
[0100] As shoWn in FIG. 11, the guide 140 has markings 
142 opposite to the corners 26a-26d of the upper surface 26 of 
the IC chip 24b. The guide 140 is not provided in the parts 
other than each marking 142. Namely, the guide 140 indicates 
the comers of the opposite area 131 by each marking 142. The 
?rst guide 140 indicates the opposite area 131 by displaying 
the corners 26a-26d. In the ?fth embodiment, the same effect 
as the fourth embodiment can be obtained. 

[0101] Next, an explanation Will be given of a guide accord 
ing to a sixth embodiment of the present invention based on 
FIG. 12. Same reference numerals Will be given to the same 
components as those of the ?rst embodiment, and explanation 
of the same components of the ?rst embodiment Will be 
omitted. 
[0102] In this embodiment, the structure of a guide is dif 
ferent from the ?rst embodiment. Detailed explanation on this 
point Will be given hereinafter. 
[0103] As shoWn in FIG. 12, the heat-receiving surface 83 
has a guide 150 instead of the guide 130. The guide 150 
indicates the Whole outer edge area of the application area 
151. The guide 150 may indicates a part of the outer edge of 
the application area 151. The guide 150 may be like a broken 
line, not like a solid line. The application area 151 may be 
formed by using a die, as shoWn in the ?rst embodiment, or 
draWn by a printing means. FIG. 12 shoWs the groove-like 
guide 150 formed by using a die. 
[0104] The application area 151 is a circular plane, and 
indicates the area to apply the grease 110. 
The application area 151 is an example of an area Where a 
heat-conducting member is provided. The application area 
151 is smaller than the opposite area 131. In FIG. 12, the 
opposite area 131 is indicated by a chain double-dashed line. 
[0105] The application area 151 has a siZe that assumes that 
the grease 110 applied to the application area 151 is extended 
over the Whole opposite area 131 by being spread betWeen the 
heat-receiving surface 83 and the upper surface 26 of the IC 
chip 24b, When the pump 70 is ?xed to the printed circuit 
board 23. 
[0106] The grease 110 may be applied to the application 
area 151 by a dispenser as shoWn in the ?rst embodiment, or 
by printing by using a plate formed With the holes correspond 
ing to the application area 151. The application area 151 is not 
limited to the plane circular shape. 
[0107] According to the sixth embodiment, the application 
area 151 is indicated by the guide 150, and the grease 110 can 
be ef?ciently applied betWeen the heat-receiving surface 83 
and the upper surface 26 of the IC chip 24b by referring to the 
guide 150. As the application area 151 has a siZe that assumes 
that the grease 110 is spread, Waste of grease 110 can be 
reduced. 
[0108] Next, an explanation Will be given of a guide accord 
ing to a seventh embodiment of the present invention based on 
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FIG. 13. Same reference numerals Will be given to the same 
components as those of the fourth embodiment, and explana 
tion of the same components of the ?rst embodiment Will be 
omitted. 

[0109] In this embodiment, the structure of a guide and the 
position of a partition Wall member are different from the 
fourth embodiment. Detailed explanation on these points Will 
be given hereinafter. 
[0110] As shoWn in FIG. 13, the partition Wall member 85 
is provided so that the rotation shaft 72a of the impeller 72 in 
the pump chamber 84 is located at the center portion of the 
heat-receiving plate 78. The pump 70 is ?xed to the printed 
circuit board 23 so that the position aWay from the rotation 
shaft 72a of the impeller 72 in the pump chamber 84 is faced 
to the upper surface 26 of the IC chip 24b. At the position 
aWay from the rotation shaft 72a of the impeller 72 in the 
pump chamber 84, the speed of a running ?uid of the liquid 
refrigerant is fast. 
[0111] As a result, the opposite area 131 is provided at the 
position Where the center portion 13111 is displaced from the 
center portion of the heat-receiving surface 83. Accordingly, 
the ?rst and second guides 140 and 141 are provided at the 
positions shifted to the comer of the heat-receiving surface 
83. 

[0112] In the seventh embodiment, even if the upper sur 
face 26 of the IC chip 24b is faced to the position shifted to the 
corner of the heat-receiving surface 83, the grease 110 can be 
e?iciently applied betWeen the heat-receiving surface 83 and 
the upper surface 26 of the IC chip 24b by referring to the ?rst 
and second guides 140 and 141. The opposite area 131 faces 
the position in the pump chamber 84 Where the speed of a 
running ?uid of the liquid refrigerant is fast. Thus, the IC chip 
24b is ef?ciently cooled. 
[01 13] Further, in the seventh embodiment, the heat-receiv 
ing surface 83 has the ?rst and second guides 140 and 141. 
The guide is not limited to them. For example, the guide may 
indicate the Whole or a part of the outer edge of the opposite 
area 131. The guide may also indicate only the center portion 
13111 of the opposite area 131. The guide may also indicate 
only the position opposite to the center part 26e of the upper 
surface 26 of the IC chip 24b. The guide may also indicate the 
Whole or a part of the outer edge of the application area 151, 
as shoWn in sixth embodiment. 

[0114] The pump 70 is not limited to the structure having 
the heat-receiving plate 78 as a heat-receiving part connected 
thermally to the IC chip 24b, as shoWn in the ?rst to seventh 
embodiments. For example, the pump may be formed With a 
bottom having a bottom Wall as a heat-receiving part, by using 
metal material With excellent thermal conductivity, such as 
aluminum alloy. 
[0115] In this case, a guide is provided on the bottom Wall 
of the housing body 76. If the housing body 76 is molded by 
die casting, the guide may be formed together With the hous 
ing body 76. In this case, as shoWn in the above ?rst to seventh 
embodiments, a die used for molding the housing 76 has a 
convex corresponding to the Whole or a part of the outer edge 
of the opposite area 131, the center portion 13111 of the oppo 
site area 131, the corners 26a-26d of the upper surface 26 of 
the IC chip 24b, the center portion 26e of the upper surface 26 
of the IC chip 24b, or the Whole or a part of the outer edge of 
the application area 151. With this structure, the depth of the 
guide groove can be adjusted simply by cutting aWay the 
convex. Namely, it is unnecessary to change the die greatly 
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When adjusting the depth of the guide groove. This is applied 
also to the case that a guide is formed on the heat-receiving 
plat 78 by using a die. 
[0116] If the housing body 76 and heat-receiving part are 
molded as one body by die casting, a die may be shaped to 
have a recess instead of a convex to form a guide. With this 
structure, a guide formed on the heat-receiving surface 83 has 
a shape to project toWard the CPU 24. 
[0117] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the speci?c details 
and representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

What is claimed is: 
1. A heat-receiving apparatus comprising: 
a heat-receiving surface being thermally connected to a 

heat-generating body; and 
a guide being provided on the heat-receiving surface and 

indicating at least a part of outer edge of an area opposite 
to the heat-generating body on the heat-receiving sur 
face. 

2. The heat-receiving apparatus according to claim 1, 
Wherein the guide indicates the Whole outer edge of the area 
opposite to the heat-generating body on the heat-receiving 
surface. 

3. The heat-receiving apparatus according to claim 1, 
Wherein 

the heat-generating body includes (1) a heat-connecting 
surface Which is thermally connected to the heat-receiv 
ing surface, and (2) a plurality of comers; and 

the guide includes a plurality of markings indicating the 
corners of outer edge of the area opposite to the heat 
connecting surface on the heat-receiving surface. 

4. The heat-receiving apparatus according to claim 1, 
Wherein a heat-conducting member is interposed betWeen the 
heat-receiving surface and heat-generating body, and the 
guide indicates an area in Which the heat-conducting member 
is provided. 

5. The heat-receiving apparatus according to claim 1, 
Wherein the guide is formed as a groove on the heat-receiving 
surface. 

6. The heat-receiving apparatus according to claim 1, 
Wherein the guide is printed on the heat-receiving surface. 

7. A heat-receiving apparatus comprising: 
a heat-receiving surface being thermally connected to a 

heat-generating body; and 
a guide being provided on the heat-receiving surface and 

opposite to a center portion of the heat-generating body. 
8. The heat-receiving apparatus according to claim 7, 

Wherein a heat-conducting member is interposed betWeen the 
heat-receiving surface and heat-generating body, and the 
guide indicates an area in Which the heat-conducting member 
is provided. 

9. The heat-receiving apparatus according to claim 7, 
Wherein the guide is formed as a groove on the heat-receiving 
surface. 

10. The heat-receiving apparatus according to claim 7, 
Wherein the guide is printed on the heat-receiving surface. 
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11. Electronic equipment comprising: 
a housing including a heat-generating body; 
a heat-receiving part having a heat-receiving surface and a 

guide, the heat-receiving surface being thermally con 
nected to the heat generating body, the guide being pro 
vided on the heat-receiving surface and indicating at 
least a part of outer edge of an area opposite to the 
heat- generating body on the heat-receiving surface; and 

a heat-radiating part Which radiates the heat transmitted to 
the heat-receiving part. 

12. The electronic equipment according to claim 11, 
Wherein the guide indicates the Whole outer edge of the area 
opposite to the heat-generating body on the heat-receiving 
surface. 

13. The electronic equipment according to claim 11, 
Wherein 

the heat-generating body includes (i) a heat-connecting 
surface Which is thermally connected to the heat-receiv 
ing surface, and (ii) a plurality of comers; and 

the guide includes a plurality of markings indicating the 
corners of outer edge of the area opposite to the heat 
connecting surface on the heat-receiving surface. 

14. The electronic equipment according to claim 11, 
Wherein a heat-conducting member is interposed betWeen the 
heat-receiving surface and heat-generating body; and the 
guide indicates an area in Which the heat-conducting member 
is provided at the heat-receiving surface. 

15. Electronic equipment comprising: 
a heat-generating body; 
a heat-radiating part; 
a circulation route Which is thermally connected to the 

heat-radiating part, and in Which a refrigerant is circu 
lated; 

a pump Which adapted to supply the refrigerant to the 
circulation route, the pump includes a housing and 
incorporates an impeller and a motor, the housing having 
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a heat-receiving part and a pump chamber, said heat 
receiving part having a heat-receiving surface and a 
guide, said the being provided in the pump chamber, and 
the motor being provided to rotate the impeller, said 
heat-receiving surface being thermally connected to the 
heat-generating body, and said guide being provided on 
the heat-receiving surface and indicating at least a part of 
outer edge of an area opposite to the heat-generating 
body on the heat-receiving surface. 

16. The electronic equipment according to claim 15, 
Wherein a heat-conducting member is interposed betWeen the 
heat-receiving surface and heat-generating body; and the 
guide indicates an area in Which the heat-conducting member 
is provided at the heat receiving surface. 

17. Electronic equipment comprising: 
a housing having a heat-generating body; 
a heat-radiating part; 
a circulation route Which is thermally connected to the 

heat-radiating part, and in Which a refrigerant is circu 
lated; 

a pump adapted to supply the refrigerant to the circulation 
route, the pump includes a housing and incorporates an 
impeller and a motor, the housing having a heat-receiv 
ing part and a pump chamber, the heat-receiving part 
including a heat-receiving surface and a guide, said 
impeller being provided in the pump chamber, and said 
motor being provided to rotate the impeller, said heat 
receiving surface being thermally connected to the heat 
generating body, and said guide being opposite to a 
center portion of the heat-generating body. 

18. The electronic equipment according to claim 17, 
Wherein a heat-conducting member is interposed betWeen the 
heat-receiving surface and heat-generating body and the 
guide indicates an area in Which the heat-conducting member 
is provided at the heat-receiving surface. 

* * * * * 


